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DESCRIPTION 
SUBMOUNT AND SEMICONDJ JCXQHJIEaaC^ 

Technical Field 

The present invention relates to a submount and a semiconductor unit in- 
corporating the submount, and more particularly to a submount for mounting 
a semiconductor light-emitting device on it and a semiconductor unit incorpo- 
rating the submount. In the present invention, the term "semiconductor 
light-emitting device" is used to mean a device such as a laser diode or a 
light-emitting diode. 

Background Art 

A semiconductor unit that is provided with a semiconductor light-emitting 
device is commonly known. Such a semiconductor unit is produced by mount- 
ing a semiconductor light-emitting device on a submount 103 as shown in Fig. 
5. Figures 5 and 6 are schematic cross -sectional views explaining a method of 
producing a conventional semiconductor unit. A method of producing a conven- 
tional semiconductor unit is explained below by referring to Fig. 5. 

As shown in Fig. 5, in a method of producing a conventional semiconductor 
unit, first, a submount 103 for mounting a semiconductor light-emitting device 
on it is prepared. The submount 103 comprises- 

(a) a ceramic substrate 104; 

(b) a bi-layer 105 formed on the substrate 104, the layer being composed of 




a layer comprising titanium (Ti) and a layer comprising platinum (Pt) (Ti/Pt 
brlayer 105); 

(c) a gold (Au) layer 106 as an electrode layer formed on the Ti/Pt brlayer 
105; 

(d) a solder-protecting barrier layer 107 comprising platinum (Pt) formed on 
the Au layer 106; and 

(e) a solder layer 108 comprising gold (Au)-tin (Sn)-based solder formed on 
the solder-protecting barrier layer 107. 

In the submount 103, the Ti/Pt bHayer 105, the Au layer 106, the sol- 
der-protecting barrier layer 107, and the solder layer 108 may be formed by 
using a conventional layer-forming process, such as a vapor deposition method, 
a sputtering method, or a plating method, or a patterning process, such as a 
photolithographic method or a metal mask method. 

After the submount 103 is prepared as shown in Fig. 5, the solder layer 108 
of the submount 103 is heated and melted. A detector 200 detects by image 
processing whether or not the solder layer 108 is melted. More specifically, be- 
fore the melting, the solder layer 108 reflects a large amount of light. Accord- 
ingly, the detector recognizes the color of the solder layer 108 as "white" by 
using the binarization in image processing. After the melting, the solder layer 
108 reflects a small amount of light. Then, the detector recognizes the color of 
the solder layer 108 as "black." 

As shown in Fig. 6, when the detector 200 recognizes the color of the solder 
layer 108 as "black," a laser diode 102 as a semiconductor light-emitting device 
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is mounted on a predetermined position on the solder layer 108 (a die-bonding 
step is performed). Subsequently, the solder layer 108 is cooled and solidified. 
This process securely bonds the laser diode 102 to the submount 103 with the 
solder layer 108. Then, the back side of the submount 103 is securely bonded 
5 to a heat sink (not shown in the drawing) with solder or the like to complete 
the production of a semiconductor unit provided with a semiconductor 
light-emitting device. 

The conventional semiconductor unit produced by the process shown in Figs. 
5 and 6 has the following drawback. When the detector 200 recognizes the 

10 color of the solder layer 108, if the solder layer 108 has a rough surface, the 
surface of the solder layer 108 reflects the light diffusely. Consequently, the 
detector 200 cannot obtain sufficient incident light, so that it recognizes the 
color of the solder layer 108 as "black." As a result, either the die-bonding 
equipment suffers an error and stops functioning or the laser diode 102 is 

15 pressed against the solder layer 108 before it is melted without successfully 
bonding the laser diode 102 to the submount 103. 

Disclosure of the Invention 

The present invention aims to solve the above -de scribed problem. An object 
20 of the present invention is to offer a submount provided with a solder layer to 
be melted that enables the correct mounting of a semiconductor light-emitting 
device with high yields, and a semiconductor unit incorporating the submount. 

According to the present invention, the present invention offers a submount 
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comprising: 

(a) a submount substrate; and 

(b) a solder layer that: 

(bl) is formed on the top surface of the submount substrate; and 
5 (b2) has a surface roughness, Ra, of at most 0.18 jam before the solder 

layer is melted. 

In the submount having the above-described structure, because the solder 
layer has a surface roughness, Ra, as small as at most 0.18 \i m before it is 
melted, the amount of the diffuse reflection of light at the surface of the solder 

10 layer is small. Consequently, when a detector judges the color of the surface of 
the solder layer by image processing, it can respond with higher fidelity to the 
change in the state of the layer surface. As a result, the semiconductor 
light-emitting device can be soldered correctly with increased probability. It is 
more desirable that the solder layer have a surface roughness, Ra, of at most 

15 0.15 }i m before it is melted, yet more desirably at most 0.10 ji m before it is 
melted. The surface roughness Ra of the solder layer is measured with a 
method stipulated in the Japanese Industrial Standards (JIS B 0601). 

It is desirable that the solder in the solder layer before it is melted have an 
average crystal-grain diameter of at most 3.5 ii m, more desirably at most 2 

20 ii m. This reduced average crystal-grain diameter enables the further preven- 
tion of the diffuse reflection of light at the surface of the solder layer. 

It is desirable that the top surface of the submount substrate have a surface 
roughness, Ra, of at most 0.10 ji m, more desirably at most 0.05 ii m. The de- 
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crease in the surface roughness Ra of the substrate can suppress the increase 
in the surface roughness Ra of the solder layer resulting from the transferring 
of the surface unevenness of the substrate to the solder layer. As a result, the 
amount of the diffuse reflection of light at the surface of the solder layer can be 
5 further decreased. 

The submount may further comprise a solder-protecting barrier layer 
formed between the submount substrate and the solder layer. 

The submount may further comprise an electrode layer formed between the 
submount substrate and the solder-protecting barrier layer. In this case, the 
10 electrode layer can be used as an underlying layer of the solder layer. 

The submount may further comprise between the submount substrate and 
the solder-protecting barrier layer: 

(a) an intimate -contact layer formed such that it makes contact with the top 
surface of the submount substrate?* and 

15 (b) an element diffusion-preventing layer formed on the intimate-contact 

layer. 

In this case, the electrode layer is placed on the element diffusion-preventing 
layer. 

The submount may have a structure in which* 
20 (a) the intimate -contact layer comprises titanium; 

(b) the element diffusion-preventing layer comprises platinum* 

(c) the electrode layer comprises gold; 

(d) the solder-protecting barrier layer comprises platinum; and 
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(e) the solder layer comprises a gold-tin-based solder. 

It is desirable that the submount substrate comprise an aluminum ni- 
tride-sintered body. In this case, because aluminum nitride has high thermal 
conductivity, a submount having superior heat-dissipating property can be 
5 produced. 

According to one aspect of the present invention, the present invention offers 
a semiconductor unit comprising: 

(a) any one of the submounts as described above; and 

(b) a semiconductor light-emitting device mounted on the solder layer of the 
10 submount. 

The semiconductor unit enables the mounting of a semiconductor 
light-emitting device on the submount in good timing while the solder layer is 
under a desirable condition. 

15 Brief Description of the Drawings 

Figure 1 is a schematic cross- sectional view showing an embodiment of the 
semiconductor unit of the present invention. 

Figure 2 is a schematic cross-sectional view explaining the method of pro- 
ducing the semiconductor unit shown in Fig. 1. 
20 Figure 3 is a graph showing a gray-level property of a specimen belonging to 
Sample 1. 

Figure 4 is a graph showing a gray-level property of a specimen belonging to 
Sample 21. 
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Figure 5 is a schematic cross-sectional view explaining the first step of a 
method of producing a conventional semiconductor unit. 

Figure 6 is a schematic cross- sectional view explaining the second step of the 
method of producing the conventional semiconductor unit. 

5 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention are explained below by referring to 
the drawing. In the following drawing, the same or a similar item bears the 
same reference numeral to avoid duplicated explanations. 
10 Figure 1 is a schematic cross-sectional view showing an embodiment of the 
semiconductor unit of the present invention. As shown in Fig. 1, a semicon- 
ductor unit 1 has a structure in which a laser diode 2 as a semiconductor 
light-emitting device is mounted on a submount 3. The submount 3 comprises, 
for example: 

15 (a) a submount substrate 4 made of a sintered body comprising aluminum 

nitride (A1N); 

(b) a bi-layer 5 composed of a titanium (Ti) layer 5b as an intimate-contact 
layer and a platinum (Pt) layer 5a as an element diffusion-preventing layer 
(Ti/Pt bi layer 5); 

20 (c) a gold (Au) layer 6 as an electrode layer formed on the Ti/Pt bi-layer 5; 

(d) a solder-protecting barrier layer 7 comprising platinum (Pt) formed on 
the Au layer 6; and 

(e) a solder layer 8 comprising gold (Au)-tin (Sn)-based solder formed on the 
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solder-protecting barrier layer 7. 

As shown in Fig. 1, the laser diode 2 is bonded to the submount 3 through 
the solder layer 8. The widths of the laser diode 2, the solder layer 8, and the 
solder-protecting barrier layer 7 are nearly the same. The solder layer 8 may 
5 have a width and a length either larger or smaller than those of the laser di- 
ode 2. Similarly, the solder-protecting barrier layer 7 may have a width and a 
length either larger or smaller than those of the solder layer 8. 

In the semiconductor unit shown in Figs. 1 and 2, the substrate 4 of the 
submount 3 may be made of ceramic, semiconductor, or metal. The types of the 

10 ceramic constituting the substrate 4 include ceramics consisting mainly of the 
above-described aluminum nitride (A1N), aluminum oxide (AI2O3), silicon car- 
bide (SiC), or silicon nitride (Si3N4). The types of the semiconductor constitut- 
ing the substrate 4 include silicon (Si). The types of the metal constituting the 
substrate 4 include copper (Cu), tungsten (W), molybdenum (Mo), iron (Fe), 

15 alloys comprising these, and composite materials composed of these materials. 

It is desirable that the substrate 4 be made of a material having high ther- 
mal conductivity. It is desirable that the substrate 4 have a thermal conduc- 
tivity of at least 100 W/mK, more desirably at least 170 W/mK. In addition, it 
is desirable that the substrate 4 have a coefficient of thermal expansion com- 

20 parable to that of the material constituting the laser diode 2. For example, 
when the laser diode 2 is made of a material such as gallium arsenide (GaAs) 
or indium phosphide (InP), it is desirable that the substrate 4 have a coeffi- 
cient of thermal expansion of at most 10 X 10* 6 /K, more desirably at most 5 
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x 10 6 /K. 

When the substrate 4 is made of ceramic, the substrate may be provided 
with either a through hole that electrically connects a part of the top surface of 
the substrate 4 to the opposite portion in the back face or a via hole in which a 
5 conducting material (via fill) is filled. It is desirable that the conducting mate- 
rial (via fill) for filling the via hole consist mainly of a metal having a high 
melting point, particularly tungsten (W) or molybdenum (Mo). The 
above-described conducting material may also comprise, in addition to the 
metallic material such as tungsten or molybdenum, a transition metal such as 

10 titanium (Ti), a constituent material of glass, or a base material for forming 
the substrate 4 such as aluminum nitride (A1N). 

It is desirable that the substrate 4 have a "flatness" of at most 5 ix m, more 
desirably at most 1 jll m. If the flatness is more than 5 \i m, when the laser 
diode 2 is bonded, gaps may be developed between the submount 3 and the la- 

15 ser diode 2. The gaps reduce the effect of cooling the laser diode 2. The term 
"flatness" is defined as the magnitude of the deviation from the geometrically 
precise plane of a plane form and is stipulated in JIS B 0621. 

The Ti layer, a layer comprising titanium (Ti), constituting a part of the 
Ti/Pt bi-layer 5 is formed to make contact with the top surface of the substrate 

20 4. Consequently, the Ti layer is made of a material capable of making intimate 
contact with the substrate 4, so that it is called an intimate-contact layer. The 
intimate-contact layer may be made of a material such as the above-described 
titanium (Ti), chromium (Cr), nickel-chromium (NiCr) alloy, tantalum (Ta), or 
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a compound of these. 

The platinum (Pt) layer constituting the remaining part of the Ti/Pt brlayer 
5 is formed on the top surface of the Ti layer and is called an element diffu- 
sion-preventing layer. The element diffusion-preventing layer may be made of 
5 a material such as the above-described platinum (Pt), palladium (Pd), 
nickel-chromium (NiCr) alloy, a tungsten-titanium (TiW) compound, nickel 
(Ni), or molybdenum (Mo). The Au layer 6 is a so-called electrode layer and 
usually consists mainly of Au. 

The solder-protecting barrier layer 7 may be made of a material such as 

10 platinum (Pt), nickel-chromium (NiCr) alloy, or nickel (Ni). The solder layer 8 
may be made of a material such as gold-tin (AuSn) -based solder, 
gold- germanium (AuGe)-based solder, lead-tin (PbSn)-based solder, indium-tin 
(InSn) -based solder, silver-tin (AgSn) -based solder, other alloy solder, solder 
produced by alloying these materials, or a laminated body composed of metals 

15 used in these alloy solders. When the solder layer 8 is made of gold-tin 
(AuSn) -based solder, it is desirable that the solder either contain at least 65 
wt% and at most 85 wt% gold (Au) or contain at least 5 wt% and at most 20 
wt% gold (Au). 

Hereinafter the above-described Ti/Pt brlayer 5, Au layer 6, sol- 
20 der-protecting barrier layer 7, and solder layer 8 are referred to as a metal- 
lized layer. These metallized layers may be formed by using conventional 
layer-forming methods as required. More specifically, the types of the metal- 
lized layer-forming methods include a layer-forming process, such as an vapor 
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deposition method and a sputtering method, and a plating process. The 
above-described Ti/Pt bi-layer 5, Au layer 6, solder-protecting barrier layer 7, 
and solder layer 8 can be formed so as to have a specified pattern by using a 
patterning process. The types of the patterning process include a lift-off 
5 method incorporating photolithography, a chemical etching method, a dry 
etching method, and a metal mask method. 

It is desirable that the titanium (Ti) layer 5b constituting the inti- 
mate-contact layer of the Ti/Pt bi-layer 5 have a thickness of at least 0.01 /i m 
and at most 1.0 ix m. It is desirable that the platinum (Pt) layer 5a constitut- 

10 ing the element diffusion-preventing layer of the Ti/Pt bi-layer 5 have a thick- 
ness of at least 0.01 \x m and at most 1.5 ix m. It is desirable that the Au layer 
6 as the electrode layer have a thickness of at least 0.1 jam and at most 10 /z 
m. It is desirable that solder-protecting barrier layer 7 have a thickness of at 
least 0.01 p, m and at most 1.5 jjl m. It is desirable that the solder layer 8 have 

15 a thickness of at least 0.1 ix m and at most 10 ii m. 

In the present invention, the term "semiconductor light-emitting device" is 
used to mean a device such as a laser diode or a light-emitting diode. The 
semiconductor material constituting the device may be a material such as a 
GaAs semiconductor, an InP semiconductor, or another m-V group compound 

20 semiconductor. The device may be either a face-up type or a face-down type. 
The face -up -type device has a structure in which the light-emitting portion is 
formed at a place closer to the top surface and the light emerges either from 
the top surface or from a side face. In contrast, the face-down-type device has a 
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structure in which the light-emitting portion is formed at a place closer to the 
back face, which makes contact with the solder layer 8, and the light emerges 
from a side face. When the face -down -type device is used as the laser diode 2 
shown in Fig. 1, the light-emitting portion, which generates heat, is positioned 
5 at a place closer to the substrate 4 in comparison with the face-up-type device. 
Therefore, this arrangement can further improve the heat-dissipating property 
of the semiconductor unit 1. 

The laser diode 2 is provided on its surface with an insulating layer, such as 
a silicon oxide (Si02) layer, and a metallized layer as an electrode layer, such 

10 as a gold (Au) layer. It is desirable that the gold (Au) layer as the electrode 
layer have a thickness of at least 0.1 ju m and at most 10 /i m in order to se- 
cure a good wettability with the solder layer 8. 

The semiconductor unit 1 shown in Fig. 1 may be bonded to a heat sink by 
using solder or the like. More specifically, first, layers such as an inti- 

15 mate-contact layer and an element diffusion-preventing layer are formed on 
the back face of the substrate 4 and at the place opposite to the place where 
the Ti/Pt bi-layer 5 is formed on the top surface. Then, a heat sink is placed at 
the back-face side of the substrate 4 through sheet-shaped solder. The sub- 
strate 4 is securely bonded to the heat sink through the solder placed at the 

20 back-face side of the substrate 4. The solder for bonding the substrate 4 to the 
heat sink may be the above-described sheet-shaped solder (solder foil). Alter- 
natively, a layer of solder may be placed on the top surface of the heat sink in 
advance. Yet alternatively, a solder layer may be formed on the metallized 
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layer on the back face of the substrate 4. In this case, it is desirable that the 
laser diode 2 and the heat sink be bonded concurrently to the substrate 4. 

The heat sink may be made of a material such as metal or ceramic. The 
types of the metal constituting the heat sink include copper (Cu), tungsten (W), 
5 molybdenum (Mo), iron (Fe), alloys comprising these metals, and composite 
materials composed of these materials. It is desirable to form on the surface of 
the heat sink a nickel (Ni) layer, a gold (Au) layer, or a layer comprising the 
foregoing metal. These layers can be formed by the vapor deposition method 
and the plating method. It is desirable that the heat sink have a thermal con- 

10 ductivity as high as at least 100 W/mK. 

Next, the method of producing the semiconductor unit shown in Fig. 1 is ex- 
plained on the assumption that the substrate would be made of an aluminum 
nitride-sintered body. Figure 2 is a schematic cross-sectional view explaining 
the method of producing the semiconductor unit shown in Fig. 1. 

15 The first step is the production of the substrate. The substrate may have a 
width of 50 mm, a length of 50 mm, and a thickness of 0.4 mm, for example. 
The substrate has a size larger than that of the substrate 4 of the submount 3. 
A required structure is formed on the surface of the substrate. The substrate is 
cut and separated in the below-mentioned cutting step to obtain the submount 

20 3. The substrate to be used as the substrate 4 of the submount 3 is produced 
according to an ordinary substrate production method. In this case, the sub- 
strate 4 is made of an aluminum nitride (A1N)- sintered body. The substrate 4 
made of ceramic, such as an aluminum nitride-sintered body, may be produced 
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by applying a method for producing an ordinary ceramic structure. 

The second step is the lapping or polishing of the surface of the substrate 
made of an aluminum nitride -sintered body and produced in the first step, the 
substrate production step. It is desirable that the aluminum nitride substrate 
5 to be used as the substrate 4 be lapped or polished so as to attain a surface 
roughness, Ra, of at most 0.10 ix m, more desirably at most 0.05 n m. The lap- 
ping or polishing operation may be performed by applying an ordinary method, 
such as the lapping with sandpaper or the polishing with abrasives. Alterna- 
tively, a grinding machine or the sandblasting may be employed. 

10 The third step is to provide a pattern for forming with a specified pattern 
the Ti layer 5b as an intimate -contact layer, the Pt layer 5a as an element dif- 
fusion-preventing layer, and the Au layer 6 as an electrode layer all as shown 
in Fig. 2. In this patterning step, the other region than the region for forming 
the Ti layer 5b, the Pt layer 5a, and the Au layer 6 on the surface of the sub- 

15 strate is provided with a resist layer by using the photolithographic method. 

The fourth step is to vapor-deposit an intimate -contact layer. More specifi- 
cally,,^ Ti layer to be used as the Ti layer 5b as an intimate -contact layer is 
vapor-deposited on the surface of the substrate. The formed Ti layer may have 
a thickness of 0.1 // m, for example. 

20 The fifth step is to form a Pt layer to be used as the Pt layer 5a as an ele- 
ment diffusion -preventing layer on the Ti layer to be used as the Ti layer 5b as 
an intimate -contact layer. The Pt layer may have a thickness of 0.2 ix m, for 
example. 
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The sixth step is to form the Au layer 6 as an electrode layer by the vapor 
deposition method. The Au layer may have a thickness of 0.6 p, m, for exam- 
ple. 

The seventh step is a lift-off step. In this step, the resist layer formed in the 
5 third step, a patterning step, is removed with a resist removing liquid together 
with the part of the Ti layer, the Pt layer, and the Au layer positioned on the 
resist layer. The removal can form the Ti layer 5b, the Pt layer 5a, and the Au 
layer 6 all having the specified pattern on the surface of the substrate. 

The eighth step is to form the solder-protecting barrier layer 7. In this step, 
10 the solder-protecting barrier layer 7 made of platinum (Pt) is formed on the Au 
layer 6 by using the metal mask method. The solder-protecting barrier layer 7 
has a thickness of 0.2 jjl m. 

The ninth step is to form the solder layer 8 on the solder-protecting barrier 
layer 7 by the vapor deposition method. 
15 In the step for forming the solder layer 8, the decrease in the pressure (ul- 
timate vacuum degree) of the atmosphere in the chamber before the layer for- 
mation decreases the crystal- grain diameter of the solder. It is desirable that 
the ultimate vacuum degree be at most 5.0 X 10 4 Pa. If it exceeds 5.0 X 10 4 
Pa, impurity gases such as water vapor and oxygen tend to remain in the sol- 
20 der layer. As a result, foreign matters having a large particle diameter may be 
included in the solder layer 8. It is more desirable that the ultimate vacuum 
degree be at most 1.0 X 10 4 Pa. 

When the layer-forming rate of the solder is varied, the crystal-grain diame- 
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ter and the surface roughness Ra can be varied. It is desirable that the 
layer- forming rate be at least 0.1 nm/s and at most 1.0 nm/s, more desirably at 
least 0.3 nm/s and at most 0.7 nm/s. If it is less than 0.1 nm/s, the growth of 
the nucleus is promoted, increasing the crystal-grain diameter. Consequently, 
5 the surface roughness Ra is also increased. If it is more than 1.0 nm/s, the 
temperature of the substrate rises, causing the crystal-grain diameter to tend 
to increase due to the below-described reason. As a result, the surface rough- 
ness Ra tends to increase. 

When the surface temperature of the substrate 4 is varied, the crystal-grain 

10 diameter and the surface roughness Ra can be varied. It is desirable that the 
temperature be at least 20 °C and at most 150 °C, more desirably at least 
20 °C and at most 120 °C. If it is more than 150 °C, the temperature of the 
substrate rises, promoting the growth of the nucleus. As a result, the crys- 
tal-grain diameter increases, increasing the surface roughness Ra. 

15 The solder layer 8 having a specified pattern may be formed by the metal 
mask method. Alternatively, it may be formed by the photolithographic method 
as shown in the third to seventh steps of the method of producing the semi- 
conductor unit of the present invention. 

The tenth step is to cut the substrate prepared in the first step on the sur- 

20 face of which the specified structure is formed as described above. After the 
cutting, the submount 3 shown in Fig. 1 is obtained. 

The eleventh step is to bond the laser diode 2 as a semiconductor 
light-emitting device to the submount 3. First, the solder layer 8 is melted by 
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heating. A detector 200 detects by image processing whether or not the solder 
layer 8 is melted. More specifically, the illumination intensity of the light inci- 
dent upon the detector is divided into 256 levels of gray, for example. The level 
of the darkest portion in the substrate 4 is defined as "0," and the brightest 
5 portion in the Au layer 6 as "255." When the level of gray of the light incident 
from the solder layer 8 exceeds "50," its color is recognized as "white" and the 
solder layer 8 is judged to be unmolten. In contrast, when the level of gray of 
the light incident from the solder layer 8 is "50 or below," its color is recognized 
as "black" and the solder layer 8 is judged to be molten. Thus, the binarization 
10 in image processing judges whether or not the solder layer 8 is molten. 

The laser diode 2 is placed on the solder layer 8 judged to be molten. Thus, 
the laser diode 2, a chip made of GaAs, is bonded to the submount 3 through 
the solder layer 8. This completes the production of the semiconductor unit 1 
shown in Fig. 1. 

15 In the submount of the present invention produced through the 
above-described process, the surface 8f of the solder layer 8 has a surface 
roughness, Ra, as small as 0.18 \± m before it is melted as described below. 
Consequently, the diffuse reflection of light at the surface of the solder layer 8 
can be suppressed, so that a sufficient amount of the reflected light can enter 

20 the detector 200. In the die-bonding step, this sufficient amount of light can 
significantly reduce the probability that the detector 200 would misjudge the 
solder layer 8 before melting to be "black," i.e., "molten." In other words, 
whether or not the solder layer 8 is molten can be judged correctly with higher 
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probability. As a result, the laser diode 2 can be soldered to the submount 3 
good timing while the solder layer is molten. 



19 



EXAMPLE 

(Production of samples and their evaluation) 

As shown in Tables I and II, Samples 1 to 30 were produced by the be- 
low-described procedure. Samples 1 to 20 were produced as Examples, and 
Samples 21 to 30 were produced as Comparative examples. 
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Table I 



Sample 
No. 


Category of 
Sample 


Composition of 
solder 


Ultimate 
vacuum 
degree 
(x 10 4 
Pa) 


Layer-io 
rming 
rate 
(nm/s) 


Temperature 
of substrate 4 


1 




Au:Sn = 80:20 


0.8 


0.5 


OA 

OU 


2 




Au-Sn = 80:20 


1.5 


0.5 


OA 

80 


3 




Au:Sn = 80:20 


4.0 


0.5 


80 


4 




Au:Sn = 80:20 


0.8 


0.2 


80 


5 




Au:Sn = 80:20 


0.8 


0.8 


80 


6 




Au:Sn = 80:20 


0.8 


0.5 


50 


7 




Au:Sn = 80:20 


0.8 


0.5 


130 


8 




Au:Sn = 80:20 


0.8 


0.5 


80 


9 




Au:Sn = 80:20 


0.8 


0.5 


80 


10 


Example 


Au:Sn = 80:20 


0.8 


0.5 


80 


11 


Au:Sn = 80=20 


1.1 


0.6 


100 


12 




Au:Sn = 80=20 


3.0 


0.8 


ISO 


13 




Au:Sn = 80:20 


3.0 


0.8 


80 


14 




Au:Sn = 80:20 


3.0 


0.5 


130 


15 




Au:Sn = 80:20 


0.8 


0.8 


130 


16 




Au:Sn = 10:90 


0.8 


0.5 


80 


17 




Au:Sn = 10:90 


3.0 


0.8 


"1 OA 

130 


18 




Au:Sn = 10:90 


3.0 


0.5 


80 


19 




Au:Sn = 10:90 


0.8 


0.2 


80 


20 




Au:Sn = 10:90 


0.8 


0.5 


130 


21 




Au:Sn = 80-20 


8.0 


0.05 


170 


22 




Ail-on — oU-ZU 


D.U 


u.o 


OU 


23 




Au:Sn = 80:20 


0.8 


0.05 


80 


24 




Au:Sn = 80:20 


0.8 


1.2 


80 


25 


Comparative 


Au-Sn = 80:20 


0.8 


0.5 


170 


26 


example 


Au:Sn = 80:20 


0.8 


0.5 


80 


27 




Au:Sn = 80:20 


6.0 


0.5 


80 


28 




Au:Sn = 10:90 


6.0 


0.5 


80 


29 




Au:Sn = 10:90 


0.8 


1.2 


80 


30 




Au:Sn = 10:90 


0.8 


0.5 


170 
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Table II 



Sample 
No. 


Category of 
Sample 


Presence or ab- 
sence of 

solder-protecting 
barrier layer 7 


Surface 
roughness 
Ra of top 
surface 4f 
(m m) 


Surface 
roughness 
Ra of sur" 
face 8f 
(m m) 


Average 
crystal- grain 
diameter of 
solder layer 8 
(m m) 


Successful 

image 

processing 


1 




o 


0.04 


0.08 


1.3 


20/20 


2 




o 


0.04 


0.12 


2.3 


19/20 


3 




o 


0.04 


0.15 


3.0 


18/20 


4 




o 


0.04 


0.14 


2.8 


18/20 


5 




o 


0.04 


0.13 


2.7 


19/20 


6 




o 


0.04 


0.08 


1.2 


20/20 


7 




o 


0.04 


0.15 


3.0 


17/20 


8 




o 


0.06 


0.11 


1.4 


19/20 


9 




o 


0.08 


0.12 


1.3 


19/20 


10 


Example 


X 


0.04 


0.08 


1.3 


20/20 


11 


X 


0.04 


0.13 


2.6 


18/20 


12 




X 


0.08 


0.18 


3.4 


16/20 


13 




O 


0.04 


0.16 


3.2 


17/20 


14 




O 


0.04 


0.17 


3.3 


16/20 


15 




O 


0.04 


0.16 


3.2 


16/20 


16 




o 


0.04 


0.09 


1.4 


20/20 


17 




o 


0.08 


0.17 


3.3 


17/20 


18 




o 


0.04 


0.14 


2.7 


19/20 


19 




o 


0.04 


0.14 


2.8 


19/20 


20 




o 


0.04 


0.15 


3.1 


18/20 


21 




o 


0.12 


0.32 


6.2 


0/20 


22 




o 


0.04 


0.20 


3.8 


10/20 


23 




o 


0.04 


0.25 


4.9 


4/20 


24 




o 


0.04 


0.22 


4.2 


7/20 


25 


Comparative 


o 


0.04 


0.23 


4.5 


5/20 


26 


example 


o 


0.12 


0.20 


1.4 


11/20 


27 




X 


0.04 


0.21 


4.2 


8/20 


28 




o 


0.04 


0.21 


4.1 


8/20 


29 




o 


0.04 


0.23 


4.4 


6/20 


30 




o 


0.04 


0.23 


4.5 


5/20 



Note: In the "Presence or absence of solder-protecting barrier layer 7," the sign 
"O" shows the presence of the solder-protecting barrier layer 7, and the sign 
"X" shows the absence of the solder-protecting barrier layer 7. 
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First, aluminum nitride-sintered bodies having a width of 50 mm, a length 
of 50 mm, and a thickness of 0.4 mm were prepared as a substrate. The sur- 
face of individual sintered bodies was polished to cause the top surface 4f to 
have the surface roughness Ra as shown in Table II. Operations using the 
5 lift-off method incorporating photolithography and the vapor deposition 
method formed a metallized layer comprising the Ti layer 5b having a thick- 
ness of 0.1 \x m, the Pt layer 5a of 0.2 jj. m, and the Au layer 6 of 0.6 ju m. 
Samples other than Samples 10, 11, 12, and 27 were provided with a sol- 
der-protecting barrier layer 7, made of platinum, having a thickness of 0.2 \i 
10 m on the metallized layer by using the metal mask and vapor deposition 
methods. 

All Samples were provided with a solder layer 8 having a thickness of 3 jll m 
by using the metal mask and vapor deposition methods. The composition of the 
solder layer 8 and the condition of the vapor deposition are shown in Table I. 

15 In Table I, "composition of solder" shows the weight ratio of the elements con- 
stituting the solder layer 8. Twenty submounts having a width of 1.2 mm, a 
length of 1.5 mm, and a thickness of 0.3 mm were obtained from each of Sam- 
ples 1 to 30 by cutting the substrate 4. The proportion of the successful image 
processing by the detector 200 at the time of the soldering of the laser diode 2 

20 was examined for each Sample. The results are also shown in Table II. 

In Table II, "successful image processing" shows the proportion of the num- 
ber of submounts whose solder layer 8 was actually molten when the detector 
200 judged it to be molten. The proportion closer to one means that the detec 
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tor 200 correctly detected the melting of the solder layer 8 with high probabil- 
ity. As can be seen from Table II, to increase this probability in the submount 3 
of the semiconductor unit 1 of the present invention (see Fig. l), it is desirable 
that the surface 8f of the solder layer 8 have a surface roughness, Ra, of at 
5 most 0.18 \i m, more desirably at most 0.15 ja m, yet more desirably at most 
0.10 /i m. Similarly, it is desirable that the solder constituting the solder layer 
8 have an average crystal-grain diameter of at most 3.5 ii m, more desirably 
at most 2.0 ix m. It is desirable that the top surface 4f of the substrate 4 have 
a surface roughness, Ra, of at most 0.10 jn m, more desirably at most 0.05 /i 
10 m. 

(Concrete data on the level of gray) 

Sample 1, one of Examples of the present invention, was subjected to the 
following test. The detector 200 measured the intensity (illumination inten- 
sity) of light reflected from the substrate 4 as the submount substrate, from 

15 the solder layer 8 before it is melted, and from the Au layer 6. A part of the 
result is shown in Fig. 3. 

In Fig. 3, the axis of ordinates shows the illumination intensity of the re- 
flected light in 256 levels of gray, and the axis of abscissas shows the position 
of the submount. For example, the numerals "4," "8," and "6" respectively show 

20 the substrate 4, the solder layer 8, and the Au layer 6 illustrated in Figs. 1 and 
2, and the axis of ordinates shows the intensity of light reflected from individ- 
ual positions. 

As can be seen from Fig. 3, in the present invention, because the intensity of 
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light reflected from the solder layer 8 is high, the detector 200 can easily rec- 
ognize the state of solder layer 8 as being unmolten. 

Sample 21, one of Comparative examples, was also subjected to the forego- 
ing test. The detector 200 measured the intensity (illumination intensity) of 
light reflected from the substrate 104, from the solder layer 108 before it is 
melted, and from the Au layer 106. Apart of the result is shown in Fig. 4. 

In Fig. 4, the axis of ordinates shows the illumination intensity of the re- 
flected light in 256 levels of gray, and the axis of abscissas shows the position 
of the submount. For example, the numerals "104," "108," and "106" respec- 
tively show the substrate 104, the solder layer 108, and the Au layer 106 illus- 
trated in Figs. 5 and 6, and the axis of ordinates shows the intensity of light 
reflected from individual positions. 

As can be seen from Fig. 4, in Sample 21 as one of Comparative examples, 
because the intensity of light reflected from the solder layer 108 is low, it is 
difficult for the detector 200 to correctly recognize the state of the solder layer 
108 as being unmolten. 

It is to be understood that the above-described embodiments and examples 
are illustrative and not restrictive in all respects. The scope of the present in- 
vention is shown by the scope of the appended claims, not by the 
above-described embodiments and examples. Accordingly, the present inven- 
tion is intended to cover all modifications included within the meaning and 
scope equivalent to the scope of the claims. 
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Industrial Applicability 

As explained above, the present invention can offer a submount that can re- 
liably mount a semiconductor light-emitting device on it by recognizing the 
melting of the solder layer with a detector, and a semiconductor unit incorpo- 
rating the submount. 



( 



